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Abstract: The problem of studying the causes of obesity is largely discussed in the 
literature by experts in nutrition and related diseases and is of particular interest 
in most recent years among scholars of business disciplines, especially as 
regards the impact on socio-health costs. After an overview of the geographical 
differences of obesity, related not only to eating habits, but also to lifestyles as 
well as hereditary factors, the purpose of this paper is try to trace the main 
functional relationships between BMI and health-care costs through the use of 
Multiple Corrispondence Analysis and  Partial Least Squares Regression. 
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1. Introduction 
 
Worldwide obesity has more than doubled since 1980 when only 1 in every 10 people was obese. 
In 2008, 1.5 billion adults aged 20 and older, were overweight and of these over 200 million 
were men and nearly 300 million women [1]. In 2010 [21] nearly 43 million children under the 
age of five were overweight. However, an OECD forecast [14] shows that in the following 
decades overweight and obesity will increase steadily also in countries where prevalence of 
overweight is currently lower. Prevalence of overweight is more pronounced among men than 
women. This highlights a lot of regional differences with figures ranging -in both sexes- from 
nearly 80% in USA, where socio-economic costs amount to 103 billion euros, that is 1% of its 
GDP, to just 30% among males and 16% among females in Japan [2]. In most European 
countries, over 50% of males and over 40% of females are overbalanced.  
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The rising obesity has caused a major public health problem worldwide with a significant 
economic and social impact as the direct costs of treating obesity appears to have greatly 
outweighed those of treating its secondary medical consequences.  
 
 
2. Relationships between food behavior and disease: the role of food safety 
 
Several economic studies have estimated the effects of obesity on health-care expenditure and 
social costs. Since 1990s an increased attention towards the relationship between nutrition and 
health/wellness has increasingly oriented consumers towards socially conscious and responsible 
purchase decisions and behaviour. In particular, over recent years and thanks to more available 
information, consumers’ awareness of the links between production of goods and their social 
costs -if any- has increased thus favoring a substantial change in consumers’ consumption 
behavior. 
In fact, consumers have shown fairly high levels of awareness of the relationships between 
nutrition styles and related diseases, such as heart disease, cholesterol and diabetes [11]. In 
general, consumers are aware of the health problems associated with unhealthy food styles. 
Empirical studies have demonstrated that during 1990s, 71% of consumers were aware of the 
health problems associated with the amount of fat taken in by an individual whilst 59% of them 
were aware of the health/saturated fat intake [3]. Since 1990s consumers have given increasingly 
important to the diet/health relationship. In this way, the concept of food safety, even in the 
theoretical debate, is more bound to quality of life. As a result, food safety, not only means 
genuine and quality foods but also functional products that help prevent health risks. In fact, the 
knowledge on food safety in terms of nutritional/functional products can be twofold: knowledge 
of the principles (i.e., information on the percentage of calories that should come from fat) and 
knowledge of the specific nutrient content of a type of food (i.e. the percentage of vitamins, etc) 
[10] [17]. 
In this light, the demands for safety, quality, eco-sustainability, local specialty/identity and ethics 
upon the products are perceived both as intrinsic factors (such as taste, healthiness and look of 
products) and extrinsic factors (origin, quality labels and brands) including attractive factors 
(such as convenience – ratio between expected quality/price, service – preservability and user 
friendliness) [7].  
However, in recent years, food consumption patterns are changing remarkably even in countries 
with traditionally high levels of obesity as an increased number of people is becoming more 
aware of, socially responsible for and oriented towards functional products. This is the result of a 
tighter connection between nutrition and health/wellness, which has a direct impact on the 
reduction of social costs related to the phenomena of food (un)safety. 
 
 
3. Materials and Methods 
 
Data have been collected from the multipurpose Italian survey “Aspetti della vita quotidiana” 
which was conducted by Italian Institute of Statistics (ISTAT) in 2009. The variables are weight 
and height (body mass index –BMI-), the ones that overlook socio-demographic characteristics 
(gender, age, civil status, education, occupation, residence), life habits (physical activity, diet, 
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smoking, handicaps, watching TV and sport events, etc.), satisfaction (monetary, job, health, 
family, friends, hobbies) and pathologies (diabetes, high blood pressure, respiratory and nervous 
system diseases, chronic pathologies, etc.).  
The variables considered have been grouped into several blocks taking into account their 
different meaning and nature. In the following figures, we consider the variables blocks (Figure 
1) and the relational model (Figure 2) which has been included in the analysis.  
 
 
Figure 1. Variables included in the blocks. 
 
 
 
Figure 2. The relational model. 
 
In order to estimate the relationships between individual characteristics and BMI and the 
repercussions on health-care costs, the following strategy has been adopted: 
• Step 1: quantification of the qualitative variables through Multiple Correspondence Analysis 
[9] [6]. MCA scales all variables and the coordinates on the factorial axes can be considered 
as a quantification on ordinal scale of the original qualitative variables. 
• Step 2: Partial least regression among the BMI index (response variables) and the predictors 
(scaled variables obtained at the step 1).  
A classical statistical problem is to estimate the linear relationship between two sets of variables, 
,n pX (explicative variables) and 1,nY  (dependent variable) where n  is the number of statistical 
units and q  the number of the explanatory variables. The technique which is largely used to 
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solve this problem is the multivariate regression model = + +Y Α XΒ Εwhere ( ),n qΑ  is the 
intercept term, ( ),p qΒ  the gradient and ( ),n qΕ  the error term. When there is a strong 
correlation among the predictors (quasi-collinearity), the regression coefficients obtained through 
the least squared methods are unstable and therefore the classical least squares regression model 
cannot be applied [5] [15]. The solution for overcoming this problem is offered by Partial Least 
Squares (PLS) Regression [16] [20].  
In this step it’s obtained the incidence (weight) of each explicative variables on the BMI. 
Step 3: Simple Linear Regression between health-care cost (dependent variable) and BMI 
(predictor variable). In this step, it’s estimated the incidence (weight) of the BMI on the health-
care costs. 
From theoretical point of view, other statistical techniques can be considered to quantify de data 
from ordinal to interval scale; several authors consider Rasch Analysis or Spline transformation 
for this purpose. A very nice discussion on this topic can be found in a recent study [4]. 
 
 
4. Results 
 
In Italy more than 22 million people are overweight (BMI>25) and about 5 million people are 
obese (BMI>30). Like elsewhere overweight and obesity involve more men than women (55% 
versus 35%) even if focusing only on obesity the gender gap decrease: in fact, regarding II level 
obesity (BMI between 30 and 34,99) the percentage of men is quite 10% and that of women 7%; 
III level obesity (BMI>35) indeed involve more females than males (1.45% versus 1.94%). 
According relative risks estimate every woman overweighed or obese there are respectively 
almost 3 or more than 2 men. The share of overbalanced people decreases from Southern to 
Northern Italy where people have a risk of being overbalanced 30% lower. The geographical 
gaps are more evident for severe obesity especially for females whose percentage exceed 2% 
almost everywhere in Southern Italy. The percentages of overbalanced people increase with age 
and among 45-64yrs and 65yrs and over are respectively about three and five times that of 18-
24yrs. Among socio-demographic characteristic the highest positive influence on the BMI 
indicator is reported by the modalities “Widowed” for the “Civil Status” variable (β=1,423) and 
“Illiterate” for qualification variable (β=1,598). Having at most primary education degree 
increases three times the risk of being obese compared to those with at least tertiary level. 
Obviously continuative and occasional sport practice (β=-0,712) reduce the prevalence of being 
overbalanced. Those who claims to meet their fiends everyday are less overweight and obese 
(β=-1,446) as soon as who goes to the cinema at least more than 1 time/month (β=-0,789). Eating 
habits, specifically concerning how many days a week eats pasta, bread or rice indicate that 
among people who never eat carbohydrates there are more obese than the other group (β=0,417) 
as soon as having an inadequate breakfast (β=0,216). The presence of severe handicap is strongly 
related to high BMI values (β=1,844) as well as presence of diabetes (β=1,688), high blood 
pressure (β=1,118), respiratory failure (β=1,739), bronchial asthma (β=1,343) and nervous 
system disease (β=1,46). Being low satisfied concerning the health status (β=2,056), the 
economic situation (β=0,331), the familiar (β=0,81) and friend network (β=1,679) and leisure 
(β=0,804) increases BMI values.  
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In the step three of the model we compute the strength of relationship between BMI and the 
regional health-care costs. The data show an incidence of 6% of the BMI on the regional costs 
related to the health services. 
 
 
5. Discussion 
 
The well known relationships in literature between socio-demographic characteristics, life habits, 
health status, network and the prevalence of overweight/obesity are confirmed. Albeit 
overweight involve more men than women, the gender gap reduces for 1st level obesity and 
amongst 2nd level obesity people involve more often women. In general, overweight and obesity 
increase as people age until a peak is reached and then they decline. Education is another 
important determinant of overweight and obesity: as expected, having a high level of education 
reduces the probability of a high BMI. Little or no social relationship and friendship affect 
overweight, more frequent, for example, among people don’t go to cinema and don’t attend, or 
haven’t, friends. Moreover being satisfied of own economic status, health, familiar and friend 
network, use of leisure reduces the probability of overweight. Regarding diet habits it’s 
important to note that food intake measures in terms of consumption of vegetables and fruit, 
sweets and snacks, etc, have no direct effects on BMI values even if international medical 
literature stress on influence of excess food-intake on overweight and obesity. On the other hand 
it’s well known that differences between overweight and normal weight people are not in terms 
of frequency - time per die - but above all in terms of quantity - grams per die – of food 
consumption, impossible to measure though data used in this case. Then including dietary habits 
in these models is not statistical significant because of higher effect of other more significant 
variables. As emerges in other studies, when social environment is controlled for, the effect of 
eating habits might be are wiped out. Moreover some researches highlight that the Mediterranean 
Diet, prevalent in Italy, could protect a priori from overweight and obesity. Type of breakfast, 
indeed, is significant because this variable is above all a proxy variable of correct or incorrect 
dietary habits and also life-style.  
Overweight and obesity in Italy increase moving from Northern to Southern regions with an 
incidence of 6% on regional health-care cost. Those findings are consistent with other research 
performed in Italy according to which obesity could impact about 8-9% of total social costs 
including healthcare costs and social cost - absence from work, lost productivity, disability 
support, early pension payments and increased demand on community resources. Approximately 
140.000 hospitalizations per year are attributable to obesity and overeating disorders, both as 
principal diagnosis both as secondary diagnoses, with an average stay of about 9 days and a total 
number of days of hospitalization that exceeds one million units [13]. Also in some other 
European countries and North America obesity-related ill-health is absorbing between 6% and 
10% of total health service budgets [21]. However a review of recent European studies on 
economic cost of obesity [19] focus on difficulties in identifying uniform criteria to estimate 
direct and indirect costs very different from country to country and ranging from 0.09% to 0.61% 
of total annual gross domestic income in Western European countries.  
Despite overweight and obesity today affect, among adults, less people than in other European 
countries, according WHO and ISS [8] estimates one of the highest incidence of overweight 
individuals potentially at risk such as children and adolescents emerge. One 8-9 years old every 
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three are overbalanced as soon as one 11-15yrs every four with striking differences between 
North and South in this case too. This implies higher and higher cost of obesity for the future 
given that, as recently estimated [18] with a life expectancy of 75 years, an eighteen obese have 
an additional cost compared to a normal weight in order of about 100.000 euros.  
To conclude, the social costs of obesity represent one of the more disturbing effects of this 
phenomenon, with implications of various types. The above findings indicate that further 
methodological research is called for in order to define guidelines for decision makers and 
practitioners, moving from a business/social approach to territorial approach. In this way, is 
possible to analyze as the local level (community with specific habits, lifestyles, education, 
social environment) may have different impacts on food habits of the citizens-consumers in order 
of food safety.  
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